Abstract: A skew angle estimation approach based on the application of several time-frequency distributions of Cohen's class to the horizontal projection profile of the page is proposed for document processing. Our results prove that the Wigner-Ville is the best trade-off between accuracy and computational cost.
developed in the framework of the LE-1 1802 project ACCeSS that combines spoken and written language in call center applications. We used seven well known distributions of Cohen's class, i.e. the Wigner-Ville, the MargenauHill and the Rihaczek distribution, and some of their smoothed versions . The skewing angles range from -89 to +89 degrees and the hit ratio lies between 42% and 100%, depending on the Cohen distribution used. In section 2 we give more information about the distributions of Cohen's class. The proposed algorithm is described in section 3. Finally, in sections 4 and 5, experimental results and conclusions are given, respectively. 
TIME-FREQUENCY DISTRIBUTIONS OF COHEN'S CLASS
The representation of signals, the characteristics of which vary with time, called "time-varying" or "non-stationary" signals is one exciting chapter of signal processing. This is an active area for many researchers coming from a wide variety of scientific domains such as communications, medicine, seismic surveying, etc. For such signals the concept of time-frequency distributions has been introduced.
The spectrogram was the first method and is still a widely used and powerful tool for the analysis of non-stationary signals. However, the spectrogram as a decomposition distribution has the disadvantages of windowing. Thus, we cannot achieve a good time resolution and a good frequency resolution simultaneously. On the other hand, the distributions of Cohen's class, as energy distributions, overcome the windowing problem and are gaining ground.
In order to devise a joint function of time and frequency, many distributions have been proposed since 1932, (by Wigner, Ville, Page, Choi-Williams), but only in 1966 Cohen proved that an infinite number of distributions can be generated by the unified formulation: However, as Cohen (1989) himself clarified, the only way to find the appropriate distribution for a certain problem is to try it on the problem. Initially, the page in question is rotated for several skewing angles, e.g., in steps that range between 1 and 10 degrees, depending on the application, and the corresponding histograms are calculated. The appropriate Cohen distribution is then applied to each histogram and the curve of maximum intensity is calculated. Finally, the angle that presents the maximum intensity is selected. . In order to define the curve that corresponds to the overall maximum intensity we tried several techniques. First, we experimented by choosing the curve with the maximum peak. However, this method failed to deal with pages, such as that of Fig.2 , where the scanning introduces noise in the upper part of the page. Thus, the wrong curve may be selected and consequently to react to a wrong estimation. The same problem was met by using as a criterion the integral of the curves, that is, calculating the area under the curve.
SKEW ESTIMATION PROCEDURE
In both cases, this problem could be overcome by examining the curves after applying a threshold, which would trim the upper part of the page where noise from scanning is usually introduced. By doing so, the curves of Fig.6a are transformed into those of Fig.6b and we can go on with our procedure. However, the calculation of the threshold may present a problem, as it is difficult to know when and where this kind of noise will show up. Instead, we resorted to another technique: The selection of the curve that presents the most maxima throughout the time domain. Moreover, in order to facilitate this procedure we check only the parts of each curve that their values exceed a threshold (a tenth of the mean curve's maximum peak proved a good threshold in our experiments). In Fig.7 , the number of the maximum values, measured on several curves of the page shown in Fig.1 is presented, with respect to the corresponding skew angle of this page. The calculation of the histograms for every skew angle and the subsequent application of the distribution is not necessary and would also increase computational complexity and cost. Since the page rotation is the most computationally expensive part of our algorithm, it is desirable to minimize the number of required rotations.
However, the whole range between +89 and -89 degrees should be covered and only that. If the covered range were larger than ±89 degrees, it would be possible to end up with the page reversed. On the other hand, if the covered range were smaller than ±89 degrees and the skew angle larger than that, the method would also fail.
In order to satisfy both requirements, a first estimation is made by initially rotating the page in big steps in the range of ±89 degrees. Then, the exact skew angle is found by rotating the page in steps of one degree within a smaller range around the first detected angle.
In order to define the appropriate big step we calculated the number of necessary rotations for various steps in the range between +89 and -89 degrees. The results are shown in Fig.8 . We note that for a big step of 12 degrees the number of rotations is minimized. Consequently, 12 is the demanded step. This step was used in our experiments described below.
big step required rotations Figure 8 .
Thus, the page is rotated from -84 to +84 in steps of 12 degrees and after a first skew estimation and correction of the document's position. The same procedure is repeated, this time within the range of -6 o and +6 o , in steps of 1 o .
Briefly, the steps of the proposed procedure can be summarized as follows:
1. The document is rotated to the right and left in steps of 12 o within the range ±90 o . For each angle the horizontal projection profile is extracted.
2. The Cohen distribution is calculated for each projection, as well as the maximum intensity of the distribution.
3. The angle whose histogram presents the maximum intensity is selected and the document is rotated by this angle (angle1).
4. The procedure is repeated from step 1 to step 3 but this time the document is rotated within a smaller range (around angle1) by one degree at a time and a more exact angle is calculated (angle2).
5. The estimated skew angle is angle1+angle2.
Although the computational time is not extremely long (table 2) , a further improvement could be achieved if part of the page is used instead of the whole page. The maximum peak of the histogram is used as the criterion for which part of the page should be used. Here, we assume that the intensity of the text is higher than the one of graphics. If this assumption is not true, the use of the whole page is recommended as well as in the case of handwritten pages which include text lines of different angles.
EXPERIMENTAL RESULTS
We applied seven of Cohen's class distributions and several of their smoothed versions to a set of 100 documents consisting of 30 handwritten pages, 20 different application forms, 20 two-columns pages, and 30 other pages with text and graphics of skew angles up to ±85 degrees approximately. In table 2, the results of this test are presented.
The rates correspond to an accuracy of ±0.5 o and the given mean time is the time per page, when the whole page and a window of 400x400 pixels are used respectively. The CPU time refers to a PC Pentium II at 233 MHz.
These results indicate that most of the Cohen's class distributions are appropriate to our problem but Wigner-Ville is the best in both accuracy and computational cost. Further testing with the Wigner-Ville distribution, in 250 applications forms, verified the complete success of the distribution, even when part of the page was used. Table 2 .
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CONCLUSION
An approach of skew angle estimation based on the Cohen's class distributions was presented. It is suitable for most types of document pages: printed and handwritten pages, with graphics or borders, poor resolution, and various types and sizes of fonts. Skew angles of up to ±89 degrees are managed with an accuracy of ±0.5.
We demonstrated that although most of the applied distributions face successfully the problem, the Wigner-Ville distribution is the best trade-off between rate and time. We continue to work on the improvement of the computational cost, as well as on the algorithm of rotation, so that a better accuracy is achieved. 
